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and cost-effective test. However, there is still some debate
about whether it is a valid screening test. Doppler ultra-
sonography has a number of benefits. However, one of the
drawbacks of using this test is that there are no established
standard criteria for differentiating between normal and
abnormal Doppler ultrasonographic results. Several pub-
lished studies have attempted to establish a standard set of
criteria.4-10 All studies have agreed on the need for a
dynamic component comparing Doppler ultrasonograph-
ic signals with and without compression of the RA.
However, the criteria for an abnormal result vary from
study to study, depending on which vessels are scanned.
The specific aims of this study were as follows: (1) to
evaluate Doppler ultrasonography in assessing the hand
With the resurgence of the use of the radial artery (RA)for coronary artery bypass grafting, tests such as
Doppler ultrasonography and the Allen test have been
increasingly used as screening devices for assessing the
hand collateral circulation.1-3 The Allen test is a simple
Objective: The aims of this study were as follows: (1) to evaluate Doppler
ultrasonography in assessing hand collateral circulation; (2) to define the cri-
teria for an abnormal Doppler ultrasonography dynamic test result; and (3)
to validate the modified Allen test.
Methods: The hand circulation of 71 patients scheduled for coronary artery
bypass grafting was assessed by means of the Allen test and Doppler ultra-
sonography. The flow in the superficial palmar branch of the radial artery,
the ulnar artery, and the dorsal digital thumb artery with and without radial
artery compression were recorded. Flow patterns in the superficial palmar
branch of the radial artery, the ulnar artery, and the dorsal digital thumb
artery with radial artery compression were categorized into 4 groups: (1) no
flow; (2) decreased flow; (3) reversed flow; and (4) increased flow.
Results: Among the 71 hands, 4 (5.6%) had an abnormal Allen test result
(>10 seconds). Seven (10.6%) of 66 superficial palmar branches of the radi-
al artery, 3 (4.2%) of 71 ulnar arteries, and 2 (2.8%) of 71 dorsal digital
thumb arteries showed no flow with radial artery compression, as measured
by Doppler ultrasonography. There were significant differences among the 4
groups (superficial palmar branch of the radial artery: F = 7.0, P < .001;
ulnar artery: F = 13.1, P < .001; and dorsal digital thumb artery: F = 8.4,
P < .001) for the Allen test. Pairwise comparisons showed that when sub-
jected to an Allen test, category 1 patients (no flow) had significantly longer
recovery times compared with the other groups (P < .02 in all cases) for the
superficial palmar branch of the radial artery, the ulnar artery, and the dorsal
digital thumb artery.
Conclusion: Absence of flow in the dorsal digital thumb artery with radial
artery compression is considered an absolute contraindication to radial artery
harvesting. An increased recovery time with the modified Allen test predicts
absence of flow in the dorsal digital thumb artery in Doppler ultrasono-
graphic flow patterns. This demonstrates the validity of the modified Allen
test for primary screening. (J Thorac Cardiovasc Surg 2001;121:526-31)
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collateral circulation; (2) to establish the criteria for
defining an abnormal Doppler ultrasonography dynam-
ic test result; and (3) to validate the modified Allen test.
Methods
Study patients. Seventy-one patients (59 men and 12
women; mean age, 67.3 ± 9.8 years) who were eligible for
coronary artery bypass grafting between July 1998 and May
1999 entered into this study. Informed consent was obtained.
The study was approved by the Austin & Repatriation
Medical Centre Ethics Committee. The nondominant hands
of patients were tested with both the modified Allen test and
Doppler ultrasonography. All observers were blinded to the
results of the other tests. In terms of the characteristics of the
patients, 9.9% (7/71) were active smokers, 31% (22/71) were
diabetic, 30% (21/71) had peripheral vascular disease, and
72% (51/71) had hypercholesterolemia.
Testing methods
Modified Allen test. The modified Allen test was performed
according to the following protocol. The examiner faces the
patient, whose hand is supinated. The RA and ulnar artery
(UA) are located by their pulses. The examiner places each
thumb lightly over the RA and UA simultaneously, with the 4
fingers of each hand placed behind the patient’s wrist, thus
holding the wrist lightly between the thumb and fingers. The
patient’s hand is closed as tightly as possible for a period of 1
minute. The patient is then asked to relax the hand and extend
the fingers into a slightly flexed position while the examiner
maintains pressure on the RA and UA. The hand at this point
should appear blanched. The examiner then releases the pres-
sure on the UA and continues applying pressure to the RA.
The return of color to the hand and fingers is noted. In our
study the recovery time was recorded as the time taken (in
seconds) for the hand to return to its normal color after the
release of the UA. One experienced observer performed all of
the tests. An abnormal modified Allen test result was defined
as a recovery time of more than 10 seconds.
Doppler ultrasonography dynamic test. Doppler ultra-
sonographic examination was performed the day before the
operation by one of two sonographers using an Advanced
Technology Laboratories (Bothell, Wash) HDI 5000 system
with a 10-MHz compact linear array transducer. The tem-
perature in the ultrasound laboratory was maintained
between a range of 23°C and 25°C. Patients sat comfortably
on a chair, with their forearms and hands positioned at the
level of the heart.
Ultrasonography was used to identify the bifurcation of the
brachial artery, the RA, and the UA in the forearm. A high
division of the brachial artery was recorded. We then exam-
ined the following: (1) the UA at the wrist; (2) the superficial
palmar branch of the RA (SPA) arising from the distal RA on
the palmar aspect; and (3) the dorsal digital thumb artery
(TA) located at the medial side of the base of the thumb. The
Doppler probe was placed over the expected anatomic posi-
tion of the artery and aligned with it at an angle of less than
60°. By moving the probe from side to side across the vessel,
the center of the artery could be located readily by a charac-
teristic noise produced at the frequency of the pulse rate.
When a steady state was achieved, the RA was firmly com-
pressed. The peak systolic velocity of flow in the UA, SPA,
and TA with and without RA compression was recorded. To
ensure a consistent sample volume, the sonographers
attempted to keep the Doppler tracing on the same screen
before and after RA compression while the peak systolic
velocity was recorded.
Flow patterns in the UA were categorized into 3 groups: (1)
no flow; (2) decreased flow; and (3) increased flow. Flow pat-
terns in the SPA and TA with RA compression were catego-
rized into 4 groups: (1) no flow; (2) decreased flow; (3)
reversed flow; and (4) increased flow.
Statistical analysis. Data analysis was carried out by using
SPSS PC version 10 software (SPSS, Inc, Chicago, Ill). The
data were summarized in terms of a mean and SD. Analysis
of variance was used to compare the mean differences of the
recovery time by using the modified Allen test among the 4
categories of flow patterns in the SPA, UA, and TA. The
recovery time with the modified Allen test was used as a sin-
gle continuous response variable. Tests of normality were
carried out, and where necessary, Box-Cox transformations
were used to obtain scales for which the assumptions of the
analysis of variance were justified. The Tukey multiple com-
parisons procedure was used to test for pairwise differences
between the flow patterns in the UA, SPA, and TA groups.
Standard estimates of sensitivity, specificity, and positive
and negative predictive value were obtained by using a 2 × 2
contingency table.
Results
Forearm. Ultrasonography identified a high division
of the brachial artery in 5.6% (4/71) of the patients. All
of the UAs and RAs were patent at the bifurcation and
the elbow.
Table I. The distribution flow patterns in the UA, the SPA, and the TA
Changes in peak systolic 
velocity with RA compression UA flow pattern, n (%) SPA flow pattern, n (%) TA flow pattern, n (%)
No flow 3 (4.2) 7 (10.6) 2 (2.8)
Decreased flow 13 (18.3) 26 (39.4) 61 (85.9)
Reversed flow 0 18 (27.3) 2 (2.8)
Increased flow 54 (76.1) 15 (22.7) 6 (8.5)
Total 71 (100) 66 (100) 71 (100)
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Hand. An abnormal modified Allen test result was
found in 5.6% (4/71) of the patients. The distribution of
the flow patterns of the UA, the SPA, and the TA is
summarized in Table I. In the group of 3 patients who
had a no-flow pattern in the UA, 1 had a high division
of the brachial artery, 1 had calcification of the UA, and
the other had an occluded UA at the wrist. The SPA
could not be identified in 5 (7%) patients.
Comparison of the modified Allen test and
Doppler ultrasonography dynamic test. The recov-
ery time with the modified Allen test was analyzed with
a Box-Cox transformation to satisfy the assumptions of
the analysis of variance. For the SPA, UA, and TA flow
patterns, analysis of variance indicated a statistically
significant difference between the groups (SPA: F =
7.0, P < .001; UA: F = 13.1, P < .001; and TA: F = 8.4,
P < .001) for the modified Allen test. The Tukey multi-
ple comparisons procedure showed that the recovery
time by modified Allen test in the no-flow group was
significantly different from each of the decreased,
increased, and reversed flow groups (P < .02) for all 3
arteries. However, the recovery times in the decreased,
increased, and reversed flow groups were not signifi-
cantly different from each other (P > 0.4 for all pair-
wise comparisons).
The no-flow pattern in the Doppler ultrasonography
dynamic test was defined as abnormal, and the others
were defined as normal. Table II shows the comparison
of the modified Allen test results with the Doppler
ultrasonography dynamic test in the UA, SPA, and TA
groups. Table III represents a summary of the test char-
acteristics of the modified Allen test compared with the
Doppler ultrasonographic dynamic test result.
Clinical outcome. Among the 71 patients, 48
(67.7%) had their RAs harvested for coronary artery
bypass grafting. The choice of conduit depended on the
surgeon’s preference and on patient enrollment in other
clinical trials. None of the patients who had RA har-
vesting showed signs of hand ischemia in the immedi-
ate postoperative period. All of the patients harvested
had modified Allen test recovery times of less than 10
seconds. Among the 3 patients who demonstrated a no-
flow pattern in the UA when the RA was compressed,
1 patient had his or her RA harvested. However, this
case was associated with a high origin of the RA, and
only the proximal two thirds of the RA were harvested.
Four of 7 patients who had a no-flow pattern in the SPA
had RA harvesting. None of these patients had hand
ischemia postoperatively. Two patients who had no-
flow patterns in the TA did not have RA harvesting
because they both had modified Allen test recovery
times of more than 10 seconds.
Discussion
Although there has been debate over the reliability of
the modified Allen test, it has been used for assessing
the hand collateral circulation with some proven effica-
cy.11 It has also been used as a screening test at the
Austin & Repatriation Medical Centre since 1994.
Between October 1994 and April 2000, a total of 1657
Table II. Comparison of the modified Allen test and Doppler ultrasonography dynamic test in the UA, the SPA, and
the TA flow pattern groups
UA flow SPA flow TA flow
Absent Present Absent Present Absent Present
Allen test >10 s 2 2 2 2 2 2
(recovery time) 0-10 s 1 66 5 57 0 67
Total 3 68 7 59 2 69
Present, includes increased, decreased, and reversed flow patterns.
Table III.  Test characteristics of the modified Allen test compared with the Doppler ultrasonography dynamic test
UA flow SPA flow TA flow
Characteristic % 95% CI % 95% CI % 95% CI
Sensitivity 66.7 9.4-99.2 28.6 3.7-71.0 100 15.8-100
Specificity 97.1 89.8-99.6 96.6 88.3-99.6 97.1 89.9-99.6
PPV 50 6.8-93.2 50 6.8-93.2 50 6.7-93.2
NPV 98.5 92.0-100 91.9 82.2-97.3 100 94.6-100
Diagnostic accuracy 95.8 88.1-99.1 89.4 79.4-95.6 97.2 90.2-99.7
CI, Confidence interval; PPV, positive predictive value; NPV, negative predictive value.
RAs were harvested from 1323 patients (mean ± SD
age, 64.4 ± 10.5 years). The cutoff point of the recov-
ery time of the modified Allen test used in the selection
of these patients for RA harvesting was 10 seconds.
Thus far, there have been no ischemic complications of
the hand. However, the modified Allen test is a subjec-
tive operator/patient-dependent test, and there have
been a number of reports of hand ischemia after RA
intervention, including RA harvesting.12-16 Therefore,
we sought to find an objective practical method for
assessing the hand collateral circulation.
This study thus also sought to evaluate the utility of
Doppler ultrasonography for assessing hand collateral
circulation. The advantage of the Doppler ultrasono-
graphic technique over other tests is that it can demon-
strate the anatomy, measure the flow velocity, and
assess the physiologic adaptation of vessels by observ-
ing the direction of the blood flow after RA compres-
sion. However, the methods of testing and criteria for
evaluation vary considerably.
In 1973, Mozersky and colleagues8 assessed the
completeness of the superficial palmar arch in 70 nor-
mal volunteers (140 hands) by using a Doppler ultra-
sonographic velocity detector. They defined the super-
ficial palmar arch as the most distal transverse vessel in
the palm. By observing the changing direction and
quantity of the flow velocity when the artery was com-
pressed, they were able to identify a complete arch
(65.7%) and an incomplete arch (34.3%). Of 140
hands, ulnar dominant collateral circulation was found
in 87.1%, whereas a radial dominant complete arch
with good retrograde flow was found in 2.1%.
Therefore, in this series 89.2% of hands were expected
to retain adequate circulation when the RAs were
occluded.
Doscher and colleagues, in 19839 and 1985,10 exam-
ined 100 asymptomatic volunteers (200 hands) with
Doppler ultrasonography. The superficial palmar arch
was scanned at the same position as that in the study by
Mozersky and colleagues.8 In most instances RA
occlusion produced an increase in the ulnar to radial
velocity. This finding was interpreted as a complete
superficial palmar arch. When RA compression failed
to produce a change in velocity, this was interpreted as
an incomplete superficial palmar arch. The incidence
of a physiologically incomplete superficial palmar arch
in this study was 11%.
In 1976, Kamienski and Barnes17 used a Doppler
ultrasonographic velocity detector for assessing the con-
tinuity of the palmar arch. There were 2 criteria used for
defining the continuity. First, the normal arterial veloci-
ty signal was described as multiphasic, with a prominent
systolic component and one or more diastolic sounds.
An arterial obstruction results in distal arterial velocity
signals, which are attenuated with a resultant decrease in
the systolic component and loss of normal diastolic
sounds. Second, the arterial velocity is increased in
response to compression of the opposite artery at the
wrist in normal subjects. Using these abnormal criteria
of Doppler ultrasonography, the modified Allen test
showed complete concordance with the findings
obtained with Doppler ultrasonography. However, in our
study the ulnar velocity was found to be decreased in 13
(18.3%) patients. Of these 13 patients, 6 had RA har-
vesting without ischemic complications. We therefore
considered both decreasing and increasing flow velocity
in the UA to be normal. These findings emphasize the
importance of scanning multiple sites.
Pola and colleagues,1 in 1996, established criteria for
an abnormal Doppler ultrasonography dynamic test
result to determine which RAs could be harvested.
These criteria included patients without an increase in
blood flow velocity in the UA associated with flow dis-
appearance in the SPA during RA compression. In this
study 5.9% had an abnormal Doppler ultrasonographic
dynamic test result.
Finally, in 1999, Kochi and colleagues2 suggested the
snuffbox technique. This technique involves examining
the RA in the anatomic snuffbox area by using color
Doppler ultrasonography. In this study all 10 normal
volunteers demonstrated reversed flow in the RA with
RA compression. However, our study was more con-
cerned with assessing TA flow and with patients who
might have digital arterial diseases.
In our study we first examined the bifurcation point
of the brachial artery to confirm the patency of the RAs
and UAs in the forearm and the UA at the wrist. Then
we measured the flow velocity at 3 different sites: (1)
the UA, to assess the inflow of blood supply after RA
harvesting; (2) the SPA, which is the terminal branch of
the RA at the palmar side; and (3) the TA, which sup-
plies the area of the hand at most risk of ischemia after
RA harvesting. The complex patterns of anastomoses
among these arteries give rise to a wide range of
responses to RA compression in the different hand
arteries. This makes interpretation of results more dif-
ficult; also, the small size of vessels in the hand can
make the detection of arterial flow difficult. The area
that was particularly difficult to scan was the SPA.
Accordingly, we could not demonstrate this vessel in
7% (5/71) of cases. This is consistent with the finding
in anatomic dissection studies that this vessel is some-
times very small.18
In terms of the direction of blood flow with RA com-
pression, our study showed increased flow in the UA in
the majority of cases. This indicated a functional conti-
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nuity between the radial and ulnar circulation in the
hand. With the RA compressed, the distal perfusion
pressure of the capillary bed is reduced. This results in
an increase in the pressure gradient between the UA
and the capillary bed, causing an increase in UA flow.
The reasons for reduced or absent ulnar flow with RA
compression are less clear. It is possible that other
arteries, such as the median and interosseous arteries,
take over from the RA, thereby diverting blood away
from the distal UA. To minimize the risk of hand
ischemia after RA harvesting, we considered no flow in
the UA with RA compression as an abnormal result.
Before harvesting the RA in this group, an adequate
collateral blood supply should be demonstrated.
The most common flow pattern in the SPA was
decreased flow. This can be explained by the reduced
perfusion pressure beyond the point of compression of
the RA, the SPA’s main source of inflow. Increased
flow suggests the presence of a large collateral supply
flowing in the same direction as the RA. Reversed flow
indicates that the RA flow has been replaced by a col-
lateral supply flowing in the opposite direction.
However, regardless of the direction of the flow, blood
flow was still maintained by collateral flow after RA
compression, indicating continuity between the arteries
in the hand. Given their potential risk of hand ischemia
after RA harvesting, the group of most concern here are
those patients who demonstrated a no flow pattern.
Accordingly, we considered this as an abnormal test
result because it might indicate incomplete superficial
and deep palmar arches. Despite this risk, in this study
4 patients with no flow in the SPA with RA compres-
sion had RA harvesting without hand ischemia postop-
eratively. No flow in the SPA with RA compression
could also be due to the presence of balanced perfusion
pressure at each end of the SPA or a watershed effect
through the deep and superficial palmar arch.
The greatest area at risk of ischemia after RA har-
vesting is the thumb. In our opinion the presence of no
flow in the TA represents an absolute contraindication
for RA harvesting. Even though some collateral blood
supply may develop postoperatively, this group of
patients carries a very high risk of hand ischemia.
Comparing the modified Allen test with Doppler
ultrasonography, the Allen test accurately predicts
Doppler ultrasonographic flow patterns, particularly in
the TA. Even though there were only 2 patients in the
no flow group of the TA, there was a highly significant
correlation with the modified Allen test. Comparing the
modified Allen test result with the flow pattern in the
TA, the false-positive rate was only 2.9%. Furthermore,
no patients with a normal modified Allen test result had
no flow in the TA with RA compression. Overall, this
study supports the validity of the use of the modified
Allen test as a primary screening test for assessing the
hand collateral circulation. Doppler ultrasonography is
a useful tool for assessing hands that produce an abnor-
mal modified Allen test result but have a good collater-
al circulation, therefore increasing the number of can-
didates for RA harvesting.
Conclusion
The absence of flow in the TA during RA compres-
sion is an absolute contraindication to RA harvesting.
Absent flow in the SPA and UA is not an absolute con-
traindication but requires the demonstration of ade-
quate digital artery blood flow before RA harvesting.
Doppler ultrasonography of the forearm is useful to
exclude patients whose UA is absent, hypoplastic, or
diseased.
An increased recovery time with the modified Allen
test predicts absence of flow in the TA in Doppler ultra-
sonographic flow patterns, demonstrating its validity as
a primary screening test. The use of the Doppler ultra-
sonography dynamic test in conjunction with the Allen
test permits the safe harvesting of some RAs in patients
with a false-positive abnormal modified Allen test.
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